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(57) Abstract 

An injection molding method 
and an injection mold used there- 
for are provided, in which a molded 
product free from burrs, whitening 
and gate marks can be obtained with 
a simple structure mold, and it can 
adequately serve the needs for mul- 
ticavity molding as well. The injec- 
tion molding method comprises the 
steps of: introducing and charging 
a molten resin material into a resin 
reservoir (12) and a molding cavity 
(10) of an injection mold, a depth 
(LI) of the resin reservoir (12) be- 
ing larger than a thickness (L2) of 
a communicating portion (11); and 
moving a cut punch (15)» when a 
portion (27) of the resin material 
in the resin reservoir (12) is still 
molten, to push the molten resin (27) 
in the resin reservoir (12) back from 
a gate (14) into a runner (7) so that 
the cut punch (15) not only closes 
the communicating portion (11) but 
also cuts a resin solidified portion in 
the resin reservoir (12) away from 
a resin molded product in the mold- 
ing cavity (10) at the communicating 
portion (11). 
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DESCRIPTION 



INJECTION MOLDING METHOD AND INJECTION MOLD 



Technical Field 

The present invention relates to an injection molding method 
and an injection mold. 

Background Art 

Injection molding methods have heretofore been used as a 
molding method for producing resin molded products. It is well 
known that an injection molding method is a method involving the 
steps of: forming a cavity between a fixed die and a movable die; 
charging a molten thermoplastic resin material from a gate 
provided on part of the cavity by injection; and solidifying the 
thermoplastic resin material into a predetermined shape 
corresponding to a space in the cavity to obtain a resin molded 
product; and taking the resin molded product out. 

Further, injection molds used in injection molding methods 
come in two types: one having means for heating part of a runner 
that introduces a molten resin material into a cavity from an 
injection molding apparatus, and the other not having such means . 
It is also well known that a method using the former type of mold 
having the heating means is called a hot runner system and that 
a method using the latter type of mold not having the heating means 
is called a cold runner system. 

By the way, immediately after the end of an injection molding 
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process based on the cold runner system, a resin molded product 
formed in the cavity and a resin portion solidified in the runner 
are in one piece. Therefore, the resin molded product and the 
solidified resin portion in the runner must be cut into separate 
pieces at a gate portion, and thus some kind of mechanical cutting 
means is usually provided in the mold. 

On the other hand, the injection molding method based on the 
hot runner system has a mold structure so that the resin in the 
runner can be kept molten. Therefore, the cutting means is not 
generally required. However, to fabricate a molded product 
having an opening in its part, it is preferred not to form weld 
lines (lines formed in the cavity by the confluence of molten resin 
portions flowing in different directions, and it is desirable to 
minimize the formation of such lines from the viewpoints of 
external appearance and mechanical strength) . To prevent the 
formation of weld lines, it is desired that molding be done using 
a mold in which the gate is previously provided so as to correspond 
to an opening forming portion and that the portion be thereafter 
cut away to form the opening. In this case, even the hot runner 
system must have mechanical cutting means similarly to the cold 
runner system. 

Thus, irrespective of the systems, whether it is the cold 
runner system or the hot runner system, various types of methods 
and molds that involve the cutting operation are proposed in 
injection molding methods. For example, Japanese Patent 
Application Laid-open No. Sho 55-15834 proposes a molding method 



wo 99/43486 



3 



PCT/JP99/00522 



for obtaining a ring-like molded product . In this molding method, 
a molten resin is charged into a cavity through a sprue bush, and 
then the sprue bush is retracted as a cut pin for cutting a 
solidified resin portion near a gate portion moves forward, so 
that the gate portion is sheared to separate a subrunner from a 
resin molded product. Further, Japanese Patent Application 
Laid-open No. Hei 6-278177 proposes a method that provides a 
second bush. In this method, a cut bush for cutting a solidified 
resin portion near a gate portion is moved forward, and in 
synchronism with such forward movement of the cut bush, the second 
bush retracts from a cavity in such a manner as to mechanically 
absorb an amount of resin pushed out by the cut bush. Still 
further, Japanese Patent Application Laid-open No. Hei 2-57115 
proposes a mold that cuts a number of disk gates. That is, not 
only a sprue bush is operated while interlocked with the movement 
of a fixed die away from a fixed table, but also a punch cutter 
provided on a movable die is projected, so that a number of disk 
gates are cut. 

Furthermore, Japanese Patent Application Laid-open No. Sho 
58-158231 proposes a method for separating a molded product from 
a disk gate formed in a cavity. That is, in a gate portion within 
the cavity, a gate cutting blade provided on a movable die so as 
to face the inner surface of a fixed die is operated to bring a 
front end of the blade into contact with the fixed die, so that 
the gate disk is cut away. 

Furthermore, Japanese Patent Application Laid-open No. Hei 
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8-294944 proposes a method for obtaining a resin molded product 
having an opening at a central portion. In this method, a 
specially shaped core pin having an external shape corresponding 
to the opening of the molded product is caused to shuttle between 
a first position and a second position. The first position stops 
at a gate a flow of molten resin injected into a hot runner. The 
second position opens the gate to introduce the molten resin into 
a cavity, and is located at the opening portion that is the center 
of axis corresponding to a disk gate portion. Moreover, Japanese 
Patent Application Laid-open No. Hei 7-276437 proposes a method 
for obtaining a resin molded product having an opening at the 
center of axis. In this method, a fixed pin is slidably provided 
in a hot runner provided in a fixed die and serves also as a hot 
gate, and a movable pin is provided on a movable die so as to be 
slidable in correspondence with the fixed pin and has a distal 
end formed so that the distal end engages with and abuts against 
a distal end of the fixed pin so as to be connected to and 
disconnected from the distal end of the fixed pin. The distal 
end of the fixed pin and that of the movable pin are engaged with 
and abutted against each other in the cavity so as to correspond 
to the opening portion of the molded product, so that the resin 
molded product having the opening at the center of axis is 
obtained. 

Still further, Japanese Patent Application Laid-open No . Hei 
1-99821 proposes a method for cutting a gate portion using a 
sleeve-like cutter that is driven toward a fixed die from a movable 
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die after a resin material charged into a cavity has substantially 
solidified and before a resin portion at the gate portion 
completely solidifies . 

However, the methods and mold disclosed in Japanese Patent 
Application Laid-opens Nos . Sho 55-15834, Hei 6-278177 and Hei 
2-57115 are based on the concept that complicates the mold 
structure in order to achieve the above object, and thus elevates 
the cost and is highly likely to impair mechanical reliability. 
Further, if such methods and mold are applied to multicavity molds, 
the structure becomes further complicated. Thus, one can easily 
guess that the cost increases and the mechanical reliability 
impairs significantly . 

Still further, the method disclosed in Japanese Patent 
Application Laid-open No, 58-158231 proposes the use of a simply 
structured mold, but imposes not only a problem that the gate 
cutting blade comes in contact with the mold when cutting the gate 
portion, and thus has difficulty stably cutting a solidified film 
layer of the resin material, but also a problem that the fixed 
die could be damaged by the gate cutting blade abutting against 
the mold strongly. 

The methods disclosed in Japanese Patent Application 
Laid-open Nos . Hei 8-294944 and Hei 7-276437 impose a problem that 
the molds are expensive since both methods require an exclusive 
valve gate system having specially shaped or structured pins , The 
methods also impose, e.g., a problem that burrs are likely to be 
produced at a punched portion since an opening is punched before 
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the gate portion solidifies. 

Still further, the method disclosed in Japanese Patent 
Application Laid-open No. 1-99821 proposes a simply structured 
mold, but imposes a problem that the method is effective when there 
is an amount of resin plenty enough to absorb the driving stroke 
of the sleeve-like cutter at the disk gate portion, but if the 
volume of the disk gate portion is relatively small, the cutter 
is hard to drive and thus the method is not applicable. 

Disclosure of the Invention 

Therefore, an object of the present invention is to provide 
an injection molding method that can obtain a molded product free 
from burrs, whitening and gate marks using a simply structured 
mold, and that can adequately serve the needs for multicavity 
molding . 

Further-, another object of the present invention is to 
provide an injection mold beneficially applicable to the 
aforementioned molding method. 

To overcome the aforementioned problems, one aspect of the 
present invention provides an injection molding method wherein 
a molten resin material, which is injected into a cavity defined 
by a fixed die and a movable die via a runner provided in the fixed 
die, is introduced from a gate provided in the fixed die and is 
molded, and the method is characterized in that: 

when the molten resin material is being charged into the 
cavity through the resin reservoir from the gate, a cut punch. 
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which is provided on the side of the movable die that confronts 
the gate through a resin reservoir formed by recessing the fixed 
die toward the gate and which is movably provided so that the cut 
punch is inserted into the resin reservoir so as to be in slidable 

5 contact with the resin reservoir, has a distal end thereof 
extending in a moving direction thereof that is toward the resin 
reservoir, and the distal end is located between the resin 
reservoir and the cavity at such a position as to open a 
communicating portion that allows the resin reservoir and the 

0 cavity to communicate with each other so that the molten resin 
material is introduced into the cavity via the resin reservoir; 
and 

when the resin material that is still molten is present in 
the resin reservoir after the molten resin material has been 

> charged into the cavity and the resin reservoir, the cut punch 
moves toward the gate so that the cut punch is inserted into the 
resin reservoir, whereby the cut punch not only closes the 
communicating portion while forcibly pushing the still molten 
resin material present in the resin reservoir back into the gate, 

► but also cuts the resin material at the communicating portion so 
that a resin molded product formed in the cavity is separated from 
a resin solidified portion formed in the resin reservoir. 

Further, another aspect of the present invention provides 
an injection mold wherein a fixed die and a movable die form a 
cavity into which a molten resin material injected via a runner 
provided in the fixed die is introduced from a gate provided in 
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the fixed die, and the mold is characterized in that: 

the gate is connected to the cavity through a resin reservoir 
formed by recessing the fixed die toward the gate; 

a cut punch is provided on the side of the movable die that 
5 confronts the gate through the resin reservoir, the cut punch 
being movable so that the cut punch can be inserted into the resin 
reservoir so as to be in slidable contact with the resin reservoir; 

when the molten resin material is being charged into the 
cavity, a distal end of the cut punch extending in a moving 
10 direction of the cut punch that is toward the resin reservoir is 
located between the resin reservoir and the cavity at such a 
position as to open a communicating portion that allows the resin 
reservoir and the cavity to communicate with each other so that 
the molten resin material is introduced into the cavity via the 
15 resin reservoir; and when the resin material that is still molten 
is present in the resin reservoir after the molten resin material 
has been charged into the cavity and the resin reservoir, the cut 
punch moves toward the gate so that the cut punch is inserted into 
the resin reservoir, whereby the cut punch not only closes the 
20 communicating portion while forcibly pushing the still molten 
resin material present in the resin reservoir back into the gate, 
but also cuts the resin material at the communicating portion so 
that a resin molded product formed in the cavity is separated from 
a resin solidified portion formed in the resin reservoir. 

25 



Brief Description of Drawings 
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is a cutaway view of cold runner type injection mold 
used i^n tthe first embodiment. Fig. 2 is a cutaway sectional view 
of main portion in the cold runner type injection mold used in 
tiie firstt embodiment. Fig. 3 is a illustrative view of cavity and 
re'sin -reservoir in the cold runner type injection mold used in 
the firstt embodiment. Fig. 4 to 7 respectively show a process of 
the /f irs-fc embodiment . 

F.i<g.8 is a illustrative view of hot runner type injection 
mold used in the second embodiment. Fig. 9 is a cutaway sectional 
view of Essain portion in the hot runner type injection mold used 
in the second embodiment. Fig, 10 to 13 respectively show a 
process of the second embodiment. 

Fig, 14a, Fig. 14b and Fig. 14c respectively show prefered 

emobodeiiDient of a sectional form of the resin reservoir in the 
injection mold of the present invention. 

Best Modes for carrying out the Invention 

An injection molding method of the present invention 
(hereinafter referred to as the "method of the present invention") 
and an injection mold of the present invention will be described 
below in details. 

In the method of the present invention, a molten resin 
material injected by an injection molding machine is charged into 
a cavity defined by a fixed die and a movable die from a gate 
provided in the fixed die via a runner provided in the fixed die. 
At this time, the molten resin material introduced from the gate 
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is charged into the cavity while flowing into a resin reservoir 
that is formed on the side of the gate in the fixed die. When 
the molten resin material is introduced into the cavity via the 
resin reservoir, a communicating portion that allows the molten 
5 resin material to pass through a space between the resin reservoir 
and the cavity is formed. A cut punch is provided on the side 
of the movable die that confronts the gate through the resin 
reservoir and is movable so that the cut punch is inserted into 
the resin reservoir so as to be in slidable contact with the resin 
10 reservoir in order to form the communicating portion, and the 
distal end of such cut punch is arranged on the side of the movable 
die. As shown in, e.g.. Fig. 2 to be referred to later, when a 
molten resin material is charged into a cavity 10 via a resin 
reservoir 12 with a cut punch 15 not yet in operation, a distal 
15 end 23 of the cut punch 15 is held on the side of the movable die 
in such a position as to open a communicating portion 11 through 
which the resin passes from the resin reservoir 12 to the cavity 
10. Then, as shown in, e.g. , Fig. 4 to be referred to later, after 
the molten resin material has been charged into the cavity and 
20 the resin reservoir, the resin material gradually solidifies from 
a portion that is in direct contact with the cooled dies toward 
the inner portion. At this time, when the resin material that 
is still molten is present in the resin reservoir, the cut punch 
is operated so that the punch moves toward the gate in such a manner 
15 as to be inserted into the resin reservoir. Then, as shown in, 
e.g.. Fig. 5, the cut punch closes the communicating portion while 
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forcibly pushing the still molten resin material present in the 
resin reservoir back into the gate. At the same time, the cut 
punch cuts the resin material at the communicating portion, so 
that a resin molded product formed in the cavity is separated from 
5 a resin solidified portion formed in the resin reservoir. 

In an injection mold used in the method of the present 
invention, the depth as viewed in a moving direction of the cut 
punch in the resin reservoir (i,e., a distance between the distal 
end of the cut punch that is not yet in operation and held on the 
10 side of the movable die and a surface on the side of the gate of 
the fixed die forming the resin reservoir), e.g., a distance Li 
shown in Fig. 2 and an opening distance of the communicating 
portion in the moving direction of the cut punch, e.g. , a distance 
L2 shown in Fig, 2 are arranged so that Li > L2 . As a result of 
15 such arrangement, the solidifying speed of the resin material in 
the resin reservoir becomes completely lower than that of the 
resin material in the communicating portion. Hence, even if the 
resin material in the communicating portion has solidified almost 
completely or half-solidified, the resin material that is still 
20 molten is present in the resin reservoir. If the cut punch is 
operated to move toward the fixed die under such condition, the 
still molten resin material is forcibly pushed back into the 
runner via the gate, and this gives the cut punch a moving stroke. 
Therefore, the larger the thickness of the resin reservoir is when 
25 compared with the opening distance of the communicating portion, 
the larger the difference between the solidifying time of the 
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resin material in the resin reservoir and that of the resin 
material in the communicating portion becomes. As a result, such 
arrangement is advantageous in increasing the range of timings 
at which the cut punch is stably operated. On the other hand, 
5 the resin reservoir is scrapped every time the molding process 
ends, and thus it is not economically desirable to make it thicker 
than necessary. Thus, as a range in which the molding process 
can be performed stably and economically and in which burring and 
whitening do not occur at such a part of a resin molded product 
10 as to correspond to the communicating portion, the depth as viewed 
in the moving direction of the cut punch in the resin reservoir 
is preferably set from 1.5 to 10 times the opening distance of 
the communicating portion, or more preferably from 2 to 6 times. 
Further, in the injection mold used in the method of the 
15 present invention, as shown in Fig. 14a, such a cross section of 
the resin reservoir that the depth as viewed in the moving 
direction of the cut punch 15 in the resin reservoir 12 is gradually 
increased toward the gate 14 is advantageous in increasing the 
operating area of the cut punch. Further, as shown in Fig, 14b, 
20 such a cross section that the depth of the outermost peripheral 
portions 12a at both ends of the resin reservoir 12 is increased 
is also advantageous in ensuring the operating stroke of the cut 
punch. Still further, as shown in Fig. 14c, such a cross section 
that the depth as viewed in the moving direction of the cut punch 
25 15 in the resin reservoir 12 is gradually increased toward the 
gate 14 and the depth of the outermost peripheral portions 12a 
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at both ends of the resin reservoir 12 is increased may also be 
acceptable and is advantageous in ensuring the operating stroke 
of the cut punch. 

Still further, it is so arranged that the diameter of the 
shaft of a pusher pin for pushing the resin solidified portion 
in the resin reservoir is increased so that the area of projection 
of the distal end of the moving cut punch as viewed in the moving 
direction of the cut punch is decreased, and that the cut punch 
is operated independently of the pusher pin so that when the cut 
punch operates, the pusher pin does not operate. Such an 
arrangement is advantageous in ensuring the operating area and 
stroke of the cut punch. 

In the method of the present invention, when the resin 
material in the communicating portion between the resin reservoir 
and the cavity semi-solidifies and the resin material that is 
still molten is present in the resin reservoir after the charging 
of the molten resin material into the cavity has been completed, 
the cut punch is operated to move toward the gate of the fixed 
die, so that the cut punch closes the communicating portion. The 
operating timing of the cut punch is selected appropriately in 
accordance with the shape of the molding cavity, i.e., the shape 
of a resin molded product, the solidifying speed of the resin 
material, the shape of the resin reservoir, and the like. 
Generally, if the cut punch is operated when the resin material 
in the communicating portion is still molten, i.e., if the cut 
punch is operated at an early timing, the resin material creeps 




# 
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into an operating clearance provided between a side surface of 
the resin reservoir and a side surface of the cut punch since the 
mold is designed to have a slight clearance from manufacturing 
and structural considerations. As a result, there is a danger 
that burrs are formed at the cut end of the resin molded product. 

Further, if the clearance is decreased to overcome the 
burring problem, the side surface of the resin reservoir abuts 
against the cut punch to cause scorings, and in the extreme case, 
there may be an operation problem, e.g., that the communicating 
portion of the fixed die is damaged. In addition, if the cut punch 
is operated after the resin material in the communicating portion 
has completely solidified, i.e., if the cut punch is operated at 
a later timing, tiny cracks are present at the cut end of a resin 
molded product obtained and whitening appears over the exterior 
of the product. Therefore, it is important to determine while 
confirming the operating timing of the cut punch for the method 
of the present invention through tests and the like so that the 
timing comes later than when the cut end burrs and earlier than 
when the cut end whitens in the resin molded products obtained. 

In the method of the present invention, the larger the 
diameter of the opening of the gate through which the molten resin 
material passes when the resin material that is still molten in 
the resin reservoir is pushed back into the runner by the operation 
of the cut punch, the easier the molten resin material is caused 
to flow back into the runner, and thus the larger diameter of the 
opening of the gate is advantageous in operating the cut punch 
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as desired. On the other hand, in the case where a cold runner 
type injection mold is used, a larger diameter of the opening of 
the gate is likely to make it hard to separate the resin solidified 
portion formed in the resin reservoir from the runner. To 
5 overcome this problem, in the case where a cold runner type 
injection mold is used, it is preferred to previously fabricate 
the mold having an ordinary pin gate diameter, examine the 
operating conditions of the cut punch by checking the burring or 
whitening conditions of an obtained molded product, and determine 

10 an appropriate opening diameter by increasing the diameter as 
necessary. This applies similarly to the diameter of the opening 
of the gate of the injection mold of the hot runner structure. 
In the case where a hot runner type injection mold having a valve 
gate is used, there is no need to consider the problem of separating 

15 the resin solidified portion in the resin reservoir from the 
runner at the gate since the gate is mechanically closed by a needle 
pin. Therefore, it is preferred to increase the diameter of the 
opening of the gate as much as possible . For example, the diameter 
of the opening of the gate preferably ranges from 1,0 to 2.5 mm. 

20 

Embodiments of the Invention 

An injection molding method and an injection mold, which are 
preferred embodiments 1 and 2 of the present invention will now 
be described based on Figs. 1 to 13. Figs. 1 to 7 show a first 
25 embodiment for fabricating a bent plate-like resin molded product 
using a cold runner type mold that is a preferred embodiment of 
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-a mold C52f the present invention. Figs. 8 to 13 show a second 
embodi^raat for fabricating a thin annular part using a hot runner 
t:ype indM* 

QdM runner type injection mold 1 used in the first 
5 embodi^H€sat whose main portion is shown in Fig, 1 in the form of 
a -cuta?ferof section includes a fixed die 2 and a movable die 3. The 
fixed idSie 2 includes a fixed mounting plate 2a and a fixed die 
plate Amounted on the fixed mounting plate 2a through a fixed 
back pl^lte 2b. A sprue bush 5 in which an introducing hole 5 is 

IB formed is provided on the fixed mounting plate 2a- The 
introdTflsrLDg hole 5 introduces a molten resin material injected 
from an injection nozzle 4 of an injection molding machine into 
the fmoidi. The introducing hole 5 of the sprue bush 6 is formed 
inside the fixed back plate 2b and the fixed die plate 2c, and 

i5 communic:ates with a runner 7 through which the molten resin 
material flows . 

The movable die 3 has a movable mounting plate 3a and a movable 
die plate 3c that is mounted on the movable mounting plate 3a 
through a spacer block 3b. 

20 A resin reservoir 12 is formed by recessing the fixed die 

plate 2c of the fixed die. That is, at the time the fixed die 
2 and the movable die 3 of the injection mold 1 are matched, a 
stepped molding surface 8 formed on the fixed die plate 2c of the 
fixed die 2 and a stepped molding surface 9 formed on the movable 

25 die plate 3c of the movable die 3 so as to correspond to the molding 
surface 8 forms the resin reservoir 12 that communicates to a 
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cavity 10 that forms the resin molded products through the 
communicating portion 11 as shown by a plan view of Fig. 3. In 
Fig. 3, reference numeral 14 denotes a gate for introducing the 
molten resin material into the cavity. 
5 Further, as shown in Fig, 2, the resin reservoir 12 is 

connected to the runner 7 via the gate 14 formed in a resin 
reservoir surface 13 on the molding surface 8 of the fixed die 
plate 2c of the fixed die. The runner 7 introduces the molten 
resin material from the nozzle 4 of the injection molding machine. 
10 Further, a cut punch 15 is provided on the side of the movable 

die plate 3c of the movable die 3 that confronts the gate 14 through 
the resin reservoir 12. The cut punch 15 is so arranged that when 
the molten resin material is being charged into the cavity, a 
distal end 23 of the cut punch is located between the resin 
15 reservoir 12 and the cavity 10 at such a position as to open a 
communicating portion 11 that allows the resin reservoir 12 and 
the cavity 10 to communicate with each other so that the molten 
resin material is introduced into the cavity via the resin 
reservoir 12, and that when the resin material that is still molten 
20 is present in the resin reservoir 12 after the molten resin 
material has been charged into the cavity, the cut punch is moved 
from the movable die 3 to the fixed die 2 so that the resin reservoir 
12 is separated from the cavity 10 at the communicating portion 
11. The cut punch 15 is secured to a cut punch driving hydraulic 
25 cylinder 17 together with cut punch pusher plates 16a and 16b, 
and is urged by a spring 18 in a direction opposite to a driving 
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direction . 

Further, a resin reservoir pusher pin 19 for pushing out a 
resin solidified portion formed in the resin reservoir 12 is 
inserted into the cut punch 15 so as to be slidable independently 
of the cut punch 15. Also, molded product pusher pins 20a and 
20b for pushing out a resin molded product formed in the cavity 
10 are slidably inserted into the movable die plate 3c. The resin 
reservoir pusher pin 19 and the molded product pusher pins 20a 
and 20b pass through the cut punch pusher plates 16a and 16b and 
are mounted on pusher plates 22a and 22b that are urged by a spring 
21 in a direction opposite to a driving direction of the pusher 
pins. The resin reservoir pusher pin 19 and the molded product 
pusher pins 20a and 20b are driven forward (in the elevating 
direction as viewed in Fig. 1) when a pushing rod (not shown) of 
the molding machine pushes first a pusher rod receiver 22c and 
then the pusher plate 22b that is integrally mounted on the pusher 
rod receiver 22c. 

As shown in Figs. 1 and 2, undercut portions 25a and 25b are 
formed in the distal end 23 of the cut punch 15. The portions 
25a and 25b allow the cut punch to hold the resin solidified portion 
formed in the resin reservoir 12 so that the resin solidified 
portion does not remain on the side of the fixed die at the time 
of mold opening. 

In the injection mold 1, the communicating portion 11 
provided between the resin reservoir 12 and the cavity is arranged 
so that the depth as viewed in the moving direction of the cut 
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punch 15 in the resin reservoir becomes larger than the opening 
distance of the communicating portion in the moving direction of 
the cut punch as shown in Fig. 2. That is, a distance Li between 
a molding surface 8a of the fixed die plate 2c on a side surface 
26 of the resin reservoir 12 and the distal end 23 of the cut punch 
15 is arranged to be larger than the opening distance of the 
communicating portion 11 extending in the moving direction of the 
cut punch, i.e., a distance L2 between a molding surface 8b of 
the fixed die plate 2c and the distal end 23 of the cut punch 15 
(Li > L2) . As a result of such arrangement, when the cut punch 
15 is driven in a direction indicated by an arrow A, not only a 
side surface 15a of the cut punch 15 closes the communicating 
portion 11, but also cuts the resin molded product formed in the 
cavity 10 away from the resin solidified portion formed in the 
resin reservoir 12 at the communicating portion 11. 

In the injection molding method using the injection mold 1 
that has the cold runner structure shown in Fig. 1, first, the 
movable die 3 is driven to close the fixed die 2 and the movable 
die 3, which in turn forms the cavity 10 and the resin reservoir 
12 communicating with the cavity 10. Then, the molten resin 
material is injected from the injection nozzle 4 of the injection 
molding machine, the nozzle 4 being brought into contact with the 
introducing hole 5 that is formed in the sprue bush 6 provided 
in the fixed mounting plate 2a, The injected molten resin 
material is introduced into the resin reservoir 12 from the gate 
14 while flowing through the runner 7, and is further charged into 
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the cavity 10 via the communicating portion 11. At this time, 
the cut punch 15 does not operate and is held on the side of the 
movable die 3. 

The resin material charged into the resin reservoir 12, the 
communicating portion 11 and the cavity 10 is cooled by cooling 
water circulating through cooling means, e.g., cooling water 
passages appropriately provided within the fixed die 2 and the 
movable die 3, and thus solidified. After the charging of the 
resin material has been completed, the charged resin material is 
cooled to solidify, as shown in Fig. 4, from the outside portion 
that is in contact with the molding surface 8 of the fixed die 
plate 2c and the molding surface 9 of the movable die plate 3c, 
and the resin material at the communicating portion 11 where the 
molding surface 8 neighbors the molding surface 9 solidifies or 
semi-solidifies first. On the other hand, in the resin reservoir 
12 that is thicker than the communicating portion 11, i.e., in 
the resin reservoir 12 in which the distance between the molding 
surface 8 of the fixed die plate 2c and the molding surface 9 of 
the movable die plate 3c is large, the outside portion of the resin 
material that is in contact with the molding surfaces 8 and 9 
solidifies or semi-solidifies, but a resin material portion 27 
that is still molten is present in the inside. 

At this time, the cut punch 15 that is mounted on the cut 
punch pusher plates 16a and 16b is operated by the cut punch driving 
hydraulic cylinder 17 against the urging force of the spring 18, 
so that the cut punch moves from the movable die 3 to the fixed 
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die 2, The still molten resin material 27 in the resin reservoir 
is pushed back from the gate 14 to the runner 7 by the pushing 
force of the moving cut punch 15. As a result, the volume of the 
resin in the resin reservoir is reduced, which in turn provides 
a stroke for allowing the cut punch 15 to move. Hence, as shown 
in Fig. 5, the cut punch 15 advances toward the fixed die plate 
2c, so that the side surface 15a of the cut punch 15 closes the 
communicating portion 11 and a resin molded product 28 in the 
cavity 10 is cut away from a resin solidified portion 29 formed 
in the resin reservoir 12 at the communicating portion 11. At 
this time, the cut punch 15 is mounted with its base 30 held between 
the cut punch pusher plates 16a and 16b shown in Fig. 1, so that 
the moving distance of the cut punch 15 is regulated by the distance 
between an outside surface 31 of the cut punch pusher plate 16a 
and a rear surface 32 of the movable die plate 3c. The resin 
reservoir pusher pin 19 inserted into the cut punch 15 so as to 
be slidable independently of the cut punch 15 does not move 
together with the cut punch 15 when the cut punch moves, and thus 
a top face 24 of the pin 19 forms a recess 33. 

The resin material in the cavity 10 and the resin reservoir 
12 is cooled and solidifies, so that the resin molded product 28 
is formed in the cavity 10, and the resin solidified portion 29 
including a resin material portion solidified at the recess 33 
and the undercut portions 25a and 25b is formed in the resin 
reservoir 12 . Then, as shown in Fig. 6, the movable die 3 is driven 
to open the injection mold 1. At this time, the resin solidified 
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portion 29 formed in the resin reservoir is separated from the 
resin molded product, and held on the distal end of the cut punch 
15. Further, the solidified portion formed in the undercut 
portions 25a and 25b functions as a holding portion for holding 
the resin solidified portion 29 on the distal end of the cut punch 
15- 

Next, as shown in Fig. 7, the pusher rod (not shown) of the 
molding machine drives the resin reservoir pusher pin 19 and the 
molded product pusher pins 20a and 20b mounted on the pusher plates 
22a and 22b against the urging force of the spring 21, and the 
resin molded product 28 and the resin solidified portion 29 are 
pushed out independently of each other and obtained in the form 
of cut pieces. 

Further, Figs. 8 to 13 show the second embodiment for 
fabricating thin annular parts using a hot runner type four-cavity 
mold based on a valve gate system. Fig. 8 shows only a half of 
the four-cavity injection mold, omitting the other half on the 
back of the sheet. The following description is based on the half 
of the mold with two cavities shown in Fig. 8, and a description 
of the other half on the back of the sheet is omitted. 

A hot runner type injection mold 41 used in the second 
embodiment whose main portion is shown in Fig. 8 in a cutaway form 
includes a fixed die 42 and a movable die 43. The fixed die 42 
has a fixed mounting plate 42a and a fixed die plate 42c mounted 
on the fixed mounting plate 42a through a spacer block 42b. A 
sprue bush 46 in which an introducing hole 45 is formed is provided 




• 



wo 99/4Mg6 



PCT/JP99/00522 



23 



on tfee fixed mounting plate 42a. The introducing hole 45 
in'trodiEKces a molten resin material injected from an injection 
nozzle 44 of an injection molding machine into the mold. The 
introdoncing hole 4 5 of the sprue bush 4 6 is connected to a runner 
5 4.8 that is provided in a manifold block 47 interposed between the 
fixed iBounting plate 42a and the fixed die plate 42c, and 
communicates with hot runners 50a and 50b of hot runner nozzles 
4 9a and 49b provided in the fixed die plate 42c. Needle pins 53a 
and 53b are inserted into the hot runners 50a and 50b of the hot 

10 runner nozzles 49a and 49b, respectively. The pins 53a and 53b 
are driven by needle pin driving cylinders 51a and 51b provided 
in the fixed mounting plate 42a and control the introduction of 
the molten resin material into resin reservoirs 58a and 58b, and 
cavities 56a and 56b which will be described later. 

\5 The movable die 4 3 includes a movable mounting plate 43a and 

a movable die plate 43e secured to movable back plates 43c and 



43d that are mounted on the movable mounting plate 43a through 
a spacer block 43b. 

The resin reservoirs 58a and 58b are formed by molding 

20 surfaces 54a and 54b and molding surfaces 55a and 55b, 
respectively. That is, as shown in Figs. 8 and 9, when the fixed 
die 42 and the movable die 43 of the injection mold 41 are closed, 
the stepped molding surfaces 54a and 54b formed on the fixed die 
plate 42c of the fixed die 42 and the stepped molding surfaces 

25 55a and 55b formed on the movable die plate 43e of the movable 
die 43 so as to correspond to the molding surfaces 54a and 54b 
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form the resin reservoirs 58a and 58b that communicate with 
annular cavities 56a and 56b for forming resin molded products 
through communicating portions 57a and 57b. Further, gates 52a 
and 52b are formed in resin reservoir surfaces 59a and 59b of the 
molding surfaces 54a and 54b of the resin reservoirs 58a and 58b 
on the side of the fixed die plate 42c, respectively. 

The resin reservoirs 58a and 58b are connected to the hot 
runners 50a and 50b via the gates 52a and 52b formed in the resin 
reservoir surfaces 59a and 59b of the molding surfaces 54a and 
54b on the fixed die plate 42c of the fixed die 42 . The hot runners 
introduce the molten resin material. 

Cut punches 60a and 60b are provided on the side of the movable 
die plate 43e of the movable die 43 that confronts the gates 52a 
and 52b through the resin reservoirs 58a and 58b. The cut punches 
60a and 60b are so arranged that when the molten resin material 
is being charged into the cavities, distal ends 67a and 67b of 
the punches are located between the resin reservoirs and cavities 
at such positions as to open the communicating portions that allow 
the resin reservoirs 58a and 58b and the cavities 56a and 56b to 
communicate with each other so that the molten resin material is 
introduced into the cavities via the resin reservoirs 58a and 58b, 
and that when the resin material that is still molten is present 
in the resin reservoirs 58a and 58b after the molten resin material 
has been charged into the cavities, the cut punches are moved from 
the movable die 43 to the fixed die 42 so that the resin reservoirs 
58a and 58b are separated from the cavities 56a and 56b at the 
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communicating portions 57a and 57b. The cut punches 60a and 60b 
are connected to cut punch driving hydraulic cylinders 61a and 
61b provided in the movable back plate 43c together with the 
movable back plates 43c and 43d, and are urged by springs 62a and 
62b in a direction opposite to a driving direction. 

Further, resin reservoir pusher pins 63a and 63b for pushing 
out resin solidified portions formed in the resin reservoirs 58a 
and 58b are inserted into the cut punches 60a and 60b so as to 
be slidable independently of the cut punches 60a and 60b. Also, 
molded product pusher sleeves 64a and 64b for pushing out resin 
molded products formed in the cavities 56a and 56b are slidably 
inserted into the movable die plate 43e. 

The resin reservoir pusher pins 63a and 63b and the molded 
product pusher sleeves 64a and 64b pass through the movable back 
plates 43c and 43d and are mounted on pusher plates 66a and 66b 
urged by a spring 65 in a direction opposite to a moving direction 
of the pusher pins and sleeves. 

The resin reservoir pusher pins 63a and 63b and the molded 
product pusher sleeves 64a and 64b are driven forward (in the 
elevating direction as viewed in Fig. 8) when a pushing rod (not 
shown) of the molding machine pushes first a pusher rod receiver 
66c and then the pusher plates 66a and 66b that are integrally 
mounted on the pusher rod receiver 66c. 

As shown in Figs. 8 and 9, undercut portions 69a and 69b are 
formed in the distal ends 67a and 67b of the cut punches 60a and 
60b. The portions 69a and 69b allow the cut punches 60a and 60b 
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to hold the resin solidified portions formed in the resin 
reservoirs 58a and 58b so that the resin solidified portions do 
not remain on the side of the fixed die at the time of mold opening. 

Further, in the in j ection mold 4 1 , the communicating portion 
57a provided between the resin reservoir 58a and the cavity 56a 
and the communicating portion 57b provided between the resin 
reservoir 58b and the cavity 56b are arranged so that the depth 
of the resin reservoirs become larger than the opening distance 
of the communicating portions in the moving direction of the cut 
punches 60a and 60b. That is, when the cut punches 60a and 60b 
are not operated and held on the side of the movable die plate 
43e, a distance L3 between the molding surface 54a or 54b of the 
fixed die plate 42c on a side surface 101 of the resin reservoir 
58a or 58b and the distal end 67a or 67b of the cut punch 60a or 
60b is arranged to be larger than the opening distance of the 
communicating portion 57a or 57b extending in the moving direction 
of the cut punch, i.e. , a distance L4 between the molding surface 
54a or 54b of the fixed die plate 43e and the distal end 67a or 
67b of the cut punch 60a or 60b (L3 > L4) . As a result of such 
arrangement, the cut punch 60a is operated to move in a direction 
indicated by an arrow A, so that a side surface 102a of the cut 
punch 60a not only closes the communicating portion 57a, but also 
cuts the resin molded product formed in the cavity 56a away from 
the resin solidified portion formed in the resin reservoir 58a 
at the communicating portion 57a. Further, a similar operation 
is performed at the resin reservoir 58b and the cavity 56b. 
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In the injection molding method using the injection mold 41 
that has the hot runner structure shown in Fig. 8, first, the 
movable die 43 is driven to close the fixed die 42 and the movable 
die 43, which in turn forms the cavities 56a and 56b and the resin 
reservoirs 58a and 58b that communicate with the cavities 56a and 
56b through the communicating portions 57a and 57b. Then, the 
injection nozzle 44 of the injection molding machine is. brought 
into contact with the introducing hole 45 formed in the sprue bush 
4 6 provided in the fixed mounting plate 42a, and the molten resin 
material is injected. The injected molten resin material is 
introduced into the hot runners 50a and 50b while flowing through 
the runner 48 . At this time, the needle pins 53a and 53b are driven 
upward as viewed in the drawing by the needle driving cylinders 
51a and 51b to open the gates 52a and 52b, so that the molten resin 
material is introduced and charged into the cavities 56a and 56b 
via the resin reservoirs 58a and 58b and the communicating 
portions 57a and 57b. At this time, the cut punches 60a and 60b 
are not operated and held on the side of the movable die 43. 

The resin material charged into the resin reservoirs 58a and 
58b, the communicating portions 57a and 57b and the cavities 56a 
and 56b is cooled by cooling water flowing through cooling means, 
e.g., cooling water passages appropriately provided within the 
fixed die 42 and the movable die 43, and thus solidified. 

Next, an operation at the resin reservoir 58a, the 
communicating portion 57a and the cavity 56a will be described 
as an example. An operation at the resin reservoir 58b, the 
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communicating portion 57b and the cavity 56b is also similar. 

After the charging of the molten resin material has been 
completed, the charged resin material is cooled and solidifies, 
as shown in Fig. 10, from the outside portion that is in contact 
with the molding surface 54a of the fixed die plate 42c and the 
molding surface 55a of the movable die plate 43e, and the resin 
material at the communicating portion 57a where the molding 
surface 54a neighbors the molding surface 55a solidifies or 
semi-solidifies first. On the other hand, in the resin reservoir 
58a that is deeper than the communicating portion 57a, i.e., in 
the resin reservoir in which the distance between the molding 
surface 54a of the fixed die plate 42c and the molding surface 
55a of the movable die plate 43e is larger than the communicating 
portion 57a, the outside portion of the resin material that is 
in contact with the molding surfaces 54a and 55a solidifies or 
semi-solidifies, but a resin material portion 103a that is still 
molten is present in the inside. 

At this time, the cut punch 60a mounted on the movable back 
plates 43c and 43d is moved from the movable die 43 to the fixed 
die 42 by the cut punch driving hydraulic cylinder 61a against 
the urging force of the spring 62a. The still molten resin 
material portion 103a in the resin reservoir is pushed back into 
the hot runner 50a from the gate 52a by the pushing force of the 
driven cut punch 60a. As a result, the volume of the resin in the 
resin reservoir is reduced, which in turn provides a stroke for 
allowing the cut punch 60a to move. Hence, as shown in Fig. 11, 
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the cut punch 60a moves toward the fixed die plate 42c, so that 
the side surface 102a of the cut punch 60a not only closes the 
communicating portion 57a, but also cuts a resin molded product 
105a in the cavity 56a away from a resin solidified portion 106a 
formed in the resin reservoir 58a at the communicating portion 
57a, At this time, the resin reservoir pusher pin 63a that is 
inserted into the cut punch 60a so as to be slidable independently 
of the cut punch 60a is not driven together with the cut punch 
60a when the cut punch 60a is driven, and thus a top face 68a of 
the pin 63a forms a recess 107a. 

Then, the needle pin 53a is driven to close the gate 52a, 
and the resin material in the cavity 56a and the resin reservoir 
58a is cooled and solidifies . Then, the resin molded product 105a 
is formed in the cavity 56a, and the resin solidified portion 106a 
including a resin material portion solidified at the recess 107a 
and the undercut portions 69a and 70a is formed in the resin 
reservoir 58a. As shown in Fig. 12, the movable die 43 is 
thereafter driven to open the injection mold. At this time, the 
resin solidified portion 106a formed in the resin reservoir is 
separated from the resin molded product 105a, and held on the 
distal end of the cut punch 60a. Further, the solidified portion 
formed in the undercut portions 69a and 70a functions as a holding 
portion for holding the resin solidified portion 106a on the 
distal end of the cut punch 60a. 

Then, as shown in Fig. 13, the pusher rod (not shown) of the 
molding machine drives the resin reservoir pusher pin 63a and the 
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moldedi sDroduct pusher sleeve 64a mounted on the pusher plates 66a 
and 66:b against the urging force of the spring 62a, so that the 
thin amaular resin molded product 105a and the disk-like resin 
solidiffied portion 106a are pushed out independently of each other 
in cut pieces . 

Examples 

(Test tExample 1) 

Tests were carried out to fabricate bent plate-like resin 
molded product using the cold runner type injection mold of the 
present invention shown in Fig. 1 by changing the used resin, mold 
temperature, clearance of the sliding portion between the inner 
surface of the resin reservoir and the outer periphery of the cut 
punch. 

The thicknesses of the product forming portion, the 
communicating portion and the resin reservoir (at the time of 
injection) of the injection mold used for the tests were as 
follows . 

Thickness of product forming portion (cavity 10) 1.5 mm 
Thickness of communicating portion (11) 0.5 mm 

Thickness of resin reservoir (12) at the time of injection 

1 , 0 mm 

In the tests, the cutting quality given by the cut punch and 
associated problems are evaluated based on the following criteria . 
The results are shown in Table 1. 

Cutting quality evaluation criteria: 
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O Satisfactory without cracks and burrs at cut end 

A Acceptable in terms of external appearance although with 

some cracks and burrs at cut end 

X Defective with cracks and burrs at cut end 
5 Problems: 

K Unsatisfactory in terms of mold durability because of 
scorings at sliding portion 

B Burring at cut end of molded product 

H Whitening at cut end of molded product or cutting of 
10 molded product impossible 
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Table 1 



Used resin 


Mold 


Clearance 


Cutting 


Problems 




temperature 




quality 




GPPS 


50°C 


Less than 5 pm 


0 


K 






5 to 20 pm 


0 


None 






more than 2 0 pm 


A To X 


B 


PC 


90°C 


Less than 5 pm 


0 


K 






5 to 20 pm 


0 


None 






more than 20 pm 


0 


None 


PA 


70^C 


Less than 5 pm 


0 


K 






5 to 20 pm 


0 


None 






more than 20 pm 


A To X 


B 



Notes : 

GPPS: General-purpose polystyrene 

PC : Polycarbonates 
PA: Polyamides 

It can be said from the results shown in Table 1 that narrower 
clearances of the sliding portion between the inner surface of 
the resin reservoir and the outer periphery of the cut punch 
provide a better cutting quality, but too narrow a clearance makes 
it easy to bring the cut punch into contact with the resin reservoir, 
and this is not desirable in terms of mold durability. 
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Particularly, if the clearance of the sliding portion is less than 
5 pm, a mold of high accuracy must be used to avoid the mold 
durability problem, and this increases the cost for the mold and 
hence is not desirable economically. Therefore, when economic 
5 advantages are considered, it is desirable to optimize the 
clearance in accordance with the resin properties used. It has 
been verified from the results shown in Table 1 that clearances 
of 10 to 20 \im are preferred for GPPS and PC, whereas clearances 
of 5 to 10 lam are preferred for PA. 

10 Further, tests were carried out to fabricate bent plate- 

like resin molded products using the same mold by changing the 
used resin, mold temperature and cut punch drive timing to 
evaluate the cutting quality given by the cut punch and associated 
problems under the same criteria. The results are summarized in 

15 Table 2. "Drive timing" means a time interval (in seconds) from 
injection completion (pressure holding start) to cut punch drive 
start . 
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Table 2 



Used 


Mold 


Clearance 


Driving 


Cutting 


Problems 


resin 


temperature 




Timing 


quality 










(sec) 






GPPS 


50°C 


10 


Less than 0.5 


X 


B 








0.5 to 1.5 


0 


None 








more than 1.5 


X 


H 


PC 


90°C 


10 \im 


Less than 0.8 


X 


B 








0.8 to 2.5 


0 


None 








more than 2.5 


X 


T T 

H 


PA 




10 pm 


Less than 1.5 


X 


B 








1.5 to 2.5 


0 


None 








more than 2.5 


X 


H 


It 


can be said 


from the results shown in 


Table 2 


that the 



cut punch drive timing differs depending on the resin properties. 
What is common to the above three kinds of resins is that an early 
cut punch drive timing produces burrs at the cut ends and a late 
cut punch drive timing produces whitening and a further late 
timing makes it impossible to cut the products. 
(Test Example 2) 

Tests were carried out to fabricate thin annular parts by 
using the hot runner type injection mold of the present invention 
shown in Fig. 8 and using PA as a resin at a mold temperature of 
70 °C and by changing the clearance of the sliding portion between 
the inner surface of the resin reservoir and the outer periphery 
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of the cut punch to obtain cut punch driving timings that can give 
satisfactory cutting quality. The results are shown in Table 3. 

The thicknesses of the product forming portion, the 
communicating portion and the resin reservoir (at the time of 
5 injection) of the injection mold used for the tests were as 
follows . 

Thickness of product forming portion (cavity 56a) 0.17 mm 
Thickness of communicating portion (57a) 0.17 mm 

Thickness of resin reservoir (58a) at the time of injection 
10 ■ 0 . 5 mm 



Table 3 



Used resin 


Mold temperature 


Clearance 


Drive timing 
( sec ) 


PA 


70^C 


5 pm 
10 pm 
15 ym 

more than 20ym 


0.2 to 1.4 
0.4 to 1.5 
1.5 to 1.6 
No range 



It can be said from the results shown in table 3 that narrower 
15 clearances of the sliding portion between the inner surface of 
the resin reservoir and the outer periphery of the cut punch 
provide a wider drive timing range for giving satisfactory cutting 
quality, whereas wider clearances provide a narrower drive timing 
range for giving satisfactory cutting quality. Further, too 
20 narrow a clearance makes it easy to bring the cut punch into contact 
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with the resin reservoir similarly to Test Example 1, which is 
not desirable in terms of mold durability. When PA is used as 
a resin, a clearance of 15 makes the cutting quality-optimizing 
drive timing as short as 0.1 sec, and this is not desirable in 
5 terms of stable production. Further, a clearance of 20 \im 
provides no drive timing range that can optimize the cutting 
quality. Therefore, the optimal cut punch drive timing that can 
give satisfactory clearance and cutting quality differs depending 
on the resin properties. 

10 Further, tests were carried out to fabricate thin annular 

parts by using the same mold and using PA as a resin at mold 
temperatures of 60 and 80°C by changing the thickness of the resin 
reservoir to obtain cut punch drive timings for giving 
satisfactory cutting quality. The results are shown in Tables 

15 4 and 5. 
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Table 4 



Used resin 


Mold 

temperature 


Clearance 


Resin 
reservoir 
thickness 
(mm) 


Driving 
timing 
( sec) 


PA 


60°C 


10 pm 


0.2 


0.1 to 0.2 








0.25 


0.1 to 0.3 








0.5 


0.3 to 1.2 








1.0 


0.5 to 2.0 








1.7 


0.5 to 2.5 



Table 5 



Used 


Mold 


Clearance 


Resin 


Drive 


Thickness 


resin 


tempera- 




reservoir 


timing 


ratio resin 




ture 




thickness 


(sec) 


reservoir to 








(mm) 




communicating 












portion 


PA 


80°C 


10 pm 


0.2 


0.1 to 0.2 


1.2 








0.25 


0 . 1 to 0 . 4 


1.5 








0. 35 


0 . 3 to 1 . 0 


2.0 








0.5 


0 . 5 to 1 . 7 


2.5 








1.0 
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It is understood from the results shown in Tables 4 and 5 
that thicker resin reservoirs provide a wider range of cut punch 
drive timings for giving satisfactory cutting quality. Further, 
thickness ratios between the resin reservoir and the 
5 communicating portion of 1 . 5 or less cannot provide an adequately 
wide drive timing range, which imposes problems in terms of stable 
production. Still further, the resin in the resin reservoir is 
scrapped every molding cycle, and thus is a waste. Therefore, 
there is no need to have a drive timing range wider than necessary, 
10 and thus from the viewpoint of cut punch driving controllability 
and effective use of resources, it is understood that the 
thickness of the resin reservoir should preferably range from 1 . 5 
to 10 times the thickness of the communicating portion, or more 
preferably from about 2 to 6 times. 

15 

Industrial Applicability 

As described in the foregoing, the injection molding method 
of the present invention can provide the following advantages. 
(1) When the resin is injected and charged, the resin material 

20 in the resin reservoir solidifies from its outside surface, and 
at the time the resin material in the communicating portion that 
communicates with the cavity has solidified, the molten resin 
material remains in the resin reservoir since the resin reservoir 
is deeper than the communicating portion. When the cut punch is 

25 driven under such condition, the molten resin material in the 
resin reservoir can flow backward into the runner via the gate. 
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As a result, the volume of the resin in the resin reservoir can 
be reduced, so that the moving stroke of the cut punch can be 
provided. Hence, the method of the present invention can 
eliminate the use of a complicated structure of the conventional 
mold, e.g. , a moving sprue bush employed in a mold for fabricating 
optical disk substrates. That is, the method of the present 
invention can simplify the mold structure. 

(2) If the resin reservoir is considered as part of a product, 
the gate in the mold of the present invention functions as a gate 
in an ordinary mold. Therefore, by adding only a cut punch drive 
system, the mold of the present invention can be designed to have 
a structure as simple as that of the conventional mold. As a 
result, the design of a multicavity mold can be similar to that 
of the conventional example, and thus becomes easy. Still further, 
even if a hot runner type is employed, the structure of the mold 
of such type can be designed as simple as that of a conventional 
example. Therefore, a commercially available hot runner system 
can be directly used, and thus an inexpensive mold can be provided. 

(3) The solidified (or semi-solidified) resin material in the 
communicating portion is cut away. Therefore, the cut end has 
no burrs into which the molten resin can creep, and thus a resin 
molded product having no gate marks can be obtained. Further, 
since the molten resin does not creep into the cut end, an adequate 
clearance between the cut punch and the resin reservoir into which 
the cut punch is inserted can be provided, and thus the user does 
not have to worry about scorings at this portion. Hence, a durable 
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mold can be provided and mold parts can be fabricated 
inexpensively . 
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CLAIMS 



1 . An injection molding method wherein a molten resin material, 
which is injected into a cavity defined by a fixed die and a movable 
die via a runner provided in the fixed die, is introduced from 
5 a gate provided in the fixed die and is molded, characterized in 
that : 

when the molten resin material is being charged into the 
cavity through the resin reservoir from the gate, a cut punch, 
which is provided on the side of the movable die that confronts 

10 the gate through a resin reservoir formed by recessing the fixed 
die toward the gate and which is movably provided so that the cut 
punch is inserted into the resin reservoir so as to be in slidable 
contact with the resin reservoir, has a distal end thereof 
extending in a moving direction thereof that is toward the resin 

15 reservoir of the cut punch, and the distal end is located between 
the resin reservoir and the cavity at such a position as to open 
a communicating portion that allows the resin reservoir and the 
cavity to communicate with each other so that the molten resin 
material is introduced into the cavity via the resin reservoir; 



when the resin material that is still molten is present in 
the resin reservoir after the molten resin material has been 
charged into the cavity and the resin reservoir, the cut punch 
moves toward the gate so that the cut punch is inserted into the 
25 resin reservoir, whereby the cut punch not only closes the 
communicating portion while forcibly pushing the still molten 



20 



and 
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resin material present in the resin reservoir back into the gate, 
but also cuts the resin material at the communicating portion so 
that a resin molded product formed in the cavity is separated from 
a resin solidified portion formed in the resin reservoir. 

5 

2. An injection molding method according to claim 1, wherein 
a plurality of resin molded products are molded by a plurality 
of the cavities, the resin reservoirs and the cut punches. 

10 3. An injection molding method according to claim 1 or 2, 
wherein that the runner is a hot runner. 

4. An injection molding method according to claim 3, 
characterized in that the hot runner has a valve gate structure, 

15 in which a valve gate is closed to close the gate after the cut 
punch has moved. 

5. An injection molding method according to any one of claims 
1 to 4, characterized in that a resin molded product having an 

20 opening is molded by a resin reservoir and the cut punch inserted 
into the resin reservoir, the resin reservoir being provided so 
as to correspond to a shape of the opening of the resin molded 
product . 

25 6. An injection mold wherein a fixed die and a movable die form 
a cavity into which a molten resin material injected via a runner 
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provided in the fixed die is introduced from a gate provided in 
the fixed die, characterized in that: 

the gate is connected to the cavity through a resin reservoir 
formed by recessing the fixed die toward the gate; 
5 a cut punch is provided on the side of the movable die that 

confronts the gate through the resin reservoir, the cut punch 
being movable so that the cut punch can be inserted into the resin 
reservoir so as to be in slidable contact with the resin reservoir; 
when the molten resin material is being charged into the 
10 cavity, a distal end of the cut punch extending in a moving 
direction of the cut punch that is toward the resin reservoir is 
located between the resin reservoir and the cavity at such a 
position as to open a communicating portion that allows the resin 
reservoir and the cavity to communicate with each other so that 
15 the molten resin material is introduced into the cavity via the 
resin reservoir; and when the resin material that is still molten 
is present in the resin reservoir after the molten resin material 
has been charged into the cavity and the resin reservoir, the cut 
punch moves toward the gate so that the cut punch is inserted into 
20 the resin reservoir, whereby the cut punch not only closes the 
communicating portion while forcibly pushing the still molten 
resin material present in the resin reservoir back into the gate, 
but also cuts the resin material at the communicating portion so 
that a resin molded product formed in the cavity is separated from 
25 a resin solidified portion formed in the resin reservoir. 
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7. /^n imjection mold according to claim 6, comprising plural 
pairs of tthe cavities, the resin reservoirs and the cut punches. 

8. An injection mold according to claim 6 or 7, wherein the 
5 runner is a hot runner. 

9. An injection mold according to claim 8, wherein the hot 
runner ihas a valve gate structure. 

,0 10, An injection mold according to any one of claims 6 to 9, 
wherein the injection mold is used to mold a resin molded product 
having am opening and has a resin reservoir and a cut punch inserted 
into the resin reservoir, the resin reservoir and the cut punch 
being provided so as to correspond to the opening of the resin 
molded product . 

11. An injection mold according to any one of claims 6 to 10 
wherein a depth as viewed in a moving direction of the cut punch 
in the resin reservoir is 1,5 to 10 times an opening distance of 

20 the communicating portion, 

12, An injection mold according to any one of claims 6 to 11, 
comprising an undercut portion on the distal end of the cut punch, 
the undercut portion serving to hold the resin solidified portion 

25 formed in the resin reservoir at the time of mold opening. 
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CLAIMS 



1 . An injection molding method wherein a molten resin material, 
which is injected into a cavity defined by a fixed die and a movable 
die via a runner provided in the fixed die, is introduced from 
a gate provided in the fixed die and is molded, characterized in 
that: 

when the molten resin material is being charged into the 
cavity through the resin reservoir from the gate, a cut punch, 
which is provided on the side of the movable die that confronts 
the gate through a resin reservoir formed by recessing the fixed 
die toward the gate and which is movably provided so that the cut 
punch is inserted into the resin reservoir so as to be in slidable 
contact with the resin reservoir, has a distal end thereof 
extending in a moving direction thereof that is toward the resin 
reservoir of the cut punch, and the distal end is located between 
the resin reservoir and the cavity at such a position as to open 
a communicating portion that allows the resin reservoir and the 
cavity to communicate with each other so that the molten resin 
material is introduced into the cavity via the resin reservoir; 
and 

when the resin material that is still molten is present in 
the resin reservoir after the molten resin material has been 
charged into the cavity and the resin reservoir, the cut punch 
moves toward the gate so that the cut punch is inserted into the 
resin reservoir, whereby the cut punch not only closes the 
communicating portion while forcibly pushing the still molten 
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resin material present in the resin reservoir back into the gate, 
but also cuts the resin material at the communicating portion so 
that a resin molded product formed in the cavity is separated from 
a resin solidified portion formed in the resin reservoir. 

2. An injection molding method according to claim 1, wherein 
a plurality of resin molded products are molded by a plurality 
of the cavities, the resin reservoirs and the cut punches. 

3. An injection molding method according to claim 1 or 2, 
wherein that the runner is a hot runner, 

4. An injection molding method according to claim 3, 
characterized in that the hot runner has a valve gate structure, 
in which a valve gate is closed to close the gate after the cut 
punch has moved. 

5. An injection molding method according to any one of claims 
1 to 4, characterized in that a resin molded product having an 
opening is molded by a resin reservoir and the cut punch inserted 
into the resin reservoir, the resin reservoir being provided so 
as to correspond to a shape of the opening of the resin molded 
product . 

5. An injection mold wherein a fixed die and a movable die form 
a cavity into which a molten resin material injected via a runner 



43 



provided in the fixed die is introduced from a gate provided in 
the fixed die, characterized in that: 

the gate is connected to the cavity through a resin reservoir 
formed by recessing the fixed die toward the gate; 

a cut punch is provided on the side of the movable die that 
confronts the gate through the resin reservoir, the cut punch 
being movable so that the cut punch can be inserted into the resin 
reservoir so as to be in slidable contact with the resin reservoir; 

when the molten resin material is being charged into the 
cavity, a distal end of the cut punch extending in a moving 
direction of the cut punch that is toward the resin reservoir is 
located between the resin reservoir and the cavity at such a 
position as to open a communicating portion that allows the resin 
reservoir and the cavity to communicate with each other so that 
the molten resin material is introduced into the cavity via the 
resin reservoir; and when the resin material that is still molten 
is present in the resin reservoir after the molten resin material 
has been charged into the cavity and the resin reservoir, the cut 
punch moves toward the gate so that the cut punch is inserted into 
the resin reservoir, whereby the cut punch not only closes the 
communicating portion while forcibly pushing the still molten 
resin material' present in the resin reservoir back into the gate, 
but also cuts the resin material at the communicating portion so 
that a resin molded product formed in the cavity is separated from 
a resin solidified portion formed in the resin reservoir. 
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7. An injection mold according to claim 6, comprising plural 
pairs of the cavities, the resin reservoirs and the cut punches. 

8. An injection mold according to claim 6 or 7, wherein the 
runner is a hot runner. 

9. An injection mold according to claim 8, wherein the hot 
runner has a valve gate structure. 

10. An injection mold according to any one of claims 6 to 9, 
wherein the injection mold is used to mold a resin molded product 
having an opening and has a resin reservoir and a cut punch inserted 
into the resin reservoir, the resin reservoir and the cut punch 
being provided so as to correspond to the opening of the resin 
molded product. 

11. An injection mold according to any one of claims 6 to 10 
wherein a depth as viewed in a moving direction of the cut punch 
in the resin reservoir is 1.5 to 10 times an opening distance of 
the communicating portion. 

12. An injection mold according to any one of claims 6 to 11, 
comprising an undercut portion on the distal end of the cut punch/ 
the undercut portion serving to hold the resin solidified portion 
formed in the resin reservoir at the time of mold opening. 
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1. Basis of the report 

1 . This report has been drawn on the basis of {substitute sheets which have been furnished to the receiving Office in 
response to an invitation under Article 14 are referred to in this report as "originally filed" and are not annexed to 
the report since they do not contain amendments,): 

Description, pages: 

1 -40 as originally filed 

Claims, No.: 

1-12 as received on 03/01/2000 with letter of 28/1 2/1 999 

Drawings, sheets: 

1/10-10/10 as originally filed 

2. The amendments have resulted in the cancellation of: 

□ the description, pages: 

□ the claims, Nos.: 

□ the drawings, sheets: 

3. □ This report has been established as if (some of) the amendments had not been made, since they have been 

considered to go beyond the disclosure as filed (Rule 70.2(c)): 

4. Additional observations, if necessary: 
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1. Statement 
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Inventive step (IS) 


Yes: 
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No: 


Claims 




Industrial applicability (lA) 


Yes: 
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2. Citations and explanations 
see separate sheet 

VIL Certain defects in the international application 

The following defects in the form or contents of the international application have been noted: 
see separate sheet 
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Re Item V 

Reasoned statement under Article 35(2) with regard to novelty, inventive step or 
industrial applicability; citations and explanations supporting such statement 



1 . The nearest prior art appears to be shown in US-A-5,690,974 (hereinafter referred 
toasDI). 

D1 discloses an injecting nnoulding method conaprising, in essence a connpression 
core which after injecting the resin is moved upwards to compress the molten 
resin in the gate area and to force the resin in the runner section back into the 
nozzle and, eventually, to close the gate (compare D1, column 3, line 60 until col, 
4, line 6 and e.g. figures 1 and 2). 

2. The claimed invention differs from the known method, in that the resin material is 
introduced into the cavity via a resin reservoir between the gate and the cavity and 
in that a cut punch is provided which is inserted into the resin reservoir in the 
direction of the gate, after completion of filling the cavity, to force the resin 
material in reservoir as far as still molten back into the gate and in doing so, to 
close the passage between the reservoir and the cavity and to cut the resin in the 
reservoir, as far as solidified, from the resin moulded product. 

These features are neither known from the other cited documents nor is therein 
hinted at. 



Therefore, the subject matter of claim 1 must be considered to involve an 
inventive step. 

2. The same argument holds for the independent apparatus claim 6. 

3, Dependent claims 2-5 and 7-12 define further embodiments of the invention and 
involve, therefore, an inventive step too. 
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Re Item VH 

Certain defects in the international application 

1. Contrary to the requirements of Rule 5.1(a)(ii) PCT, the relevant background art 
disclosed in the documents D1 is not mentioned in the description, nor is this 
document identified therein. 

2. The features of the claims are not provided with reference signs placed in 
parentheses (Rule 6.2(b) PCT). 
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CLAIMS 

1 . An in j action molding method wherein a molten resin material , 
which is injected into a cavity defined by a fixed die and a movable 
die via a runner provided in the fixed die, is introduced from 
a gate provided in the fixed die and is molded, characterized in 
that: 

when the molten resin material is being charged into the 
cavity through the resin reservoir from the gate, a cut punch, 
which is provided in the side of the movable die that confronts 
the gate through a resin reservoir formed by recessing the fixed 
die toward the gate and which is movably provided so that the cut 
punch is inserted into the resin reservoir so as to be in slidable 
contact with the resin reservoir, has a distal end thereof 
extending in a moving direction thereof that is toward the resin 
N 15 reservoir of the cut punch, and the distal end is located between 
the resin reservoir and the cavity at such a position as to open 
a communicating portion that allows the resin reservoir and the 
cavity to communicate with each other so that the molten resin 
material is introduced into the cavity via the resin reservoir; 
20 and 

when an inner portion of the resin material that is present 
in the resin reservoir is still molten and a portion of the resin 
^ - ■ _ J^ajt_erial_thereof that is- direct contact-with then::ooled dies 

gradually solidified after the molten resin material has been 
charged into the cavity and the resin reservoir, the cut punch 
moves toward the gate so that the cut punch is inserted into the 
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resin reservoir, whereby the cut punch not only closes the 
communicating portion while forcibly pushing the still molten 
resin material present in the resin reservoir back into the gate^. 
but also cuts the resin material at the communicating portion so 
that a resin molded product formed in the cavity is separated from 
a resin solidified portion formed in the resin reservoir. 



10 



2- An injection molding method according to claim 1, wherein 
a plurality of resin molded products are molded by a plurality 
of the cavities, the resin reservoirs and the cut punches - 



3, An injection molding method according to claim 1 or 2, 
wherein that the runner is a hot runner. 



15 4. An injection molding method according to claim 3;^ 
characterized in that the hot runner has a valve gate structure, 
in which a valve gate is closed to close the gate after the cut 
punch has moved. 

20 5. An injection molding method according to any one of claims 
1 to 4, characterized in that a resin molded product having an 
opening is molded by a resin reservoir and the cut punch inserted 

„ ^ into the resin reservoir, the resin reservoir being provid^d^o" ~ ~ 
as to correspond to a shape of the opening of the resin molded 

25 product. 
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6. An injection mold wherein a fixed die and a movable die form 
a cavity into which a molten resin material injected via a runner 
provided in the fixed die is introduced from a gate provided in 
the fixed die, characterized in that: 
5 the gate is connected to the cavity through a resin reservoir 

formed by recessing the fixed die toward the gate; 

a cut punch is provided on the side of the movable die that 
confronts the gate through the resin reservoir, the .cut punch 
being movable so that the cut punch can be inserted into the resin 
10 reservoir so as to be in slidable contact with the resin reservoir; 

when the molten resin material is being charged into the 
cavity, a distal end of the cut punch extending in a moving 
direction of the cut punch that is toward the resin reservoir is 
located between the resin reservoir and the cavity at such a 
15 position as to open a communicating portion that allows the resin 
reservoir and the cavity to communicate with each other so that 
the molten resin material is introduced into the cavity via the 
resin reservoir; and when an inner portion of the resin material 
that is present in the resin reservoir is still molten and a portion 
20 of the resin material thereof that is direct contact with the 
cooled dies is gradually solidified after the molten resin 
material has been charged into the cavity and the resin reservoir, 
-J=-he_cut ^punch moves toward- the -gate— so -that-the cut punch^ls^^ 
inserted into the resin reservoir, whereby the cut punch not only 
25 closes the communicating portion while forcibly pushing the still 
molten resin material present in the resin reservoir back into 
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the gate, but also cuts the resin material at the communicating 
portion so that a resin molded product formed in the cavity is 
separated from a resin solidified portion formed in the resin 
reservoir. 

5 

7. An injection mold according to claim 6, comprising plural 
pairs of the cavities, the resin reservoirs and the cut punches. 

8- An injection mold according to claim 6 or 7, wherein the 
10 runner is a hot runner. 

9- An injection mold according to claim 8, wherein the hot 
runner has a valve gate structure. 

15 10. An injection mold according to any one of claims 6 to 9^ 
wherein the injection mold is used to mold a resin molded product 
having an opening and has a resin reservoir and a cut punch inserted 
into the resin reservoir^ the resin reservoir and the cut punch 
being provided so as to correspond to the opening of the resin 

20 molded product. 



11. An injection mold according to any one of claims 6 to 10 
_ wherein a depth as viewed in a- moving direction of the cut punch: ^ ~^ 
in the resin reservoir is 1,5 to 10 times an opening distance of 
25 the communicating portion. 
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12. An injection mold according to any one of claims 5 to 11;. 
comprising an undercut portion on the distal end of the cut punch,, 
the undercut portion serving to hold the resin solidified portion 
formed in the resin reservoir at the time of mold opening. 
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I. Basis of the report 

1 . This report has been drawn on the basis of {substitute sheets which have been furnished to the receiving Office in 
response to an invitation under Article 14 are referred to in this report as "originally filed" and are not annexed to 
the report since they do not contain amendments.): 

Description, pages: 

1 -40 as originally filed 

Claims, No.: 

1-12 as received on 03/01/2000 with letter of 28/1 2/1 999 

Drawings, sheets: 

1/10-10/10 as originally filed 

2. The amendments have resulted in the cancellation of: 

□ the description, pages: 

□ the claims, Nos.: 

□ the drawings, sheets: 

3. □ This report has been established as if (some of) the amendments had not been made, since they have been 

considered to go beyond the disclosure as filed (Rule 70.2(c)): 

4. Additional observations, if necessary: 
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1. Statement 



Novelty (N) 
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Yes: 
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2, Citations and explanations 
see separate sheet 

Vll. Certain defects in the international application 

The following defects in the form or contents of the international application have been noted: 
see separate sheet 
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Re Item V 

Reasoned statement under Article 35(2) with regard to novelty, inventive step or 
industrial applicability; citations and explanations supporting such statement 

1 . The nearest prior art appears to be shown in US-A-5. 690,974 (hereinafter referred 
to as D1). 



D1 discloses an injecting moulding method comprising, in essence a compression 
core which after injecting the resin is moved upwards to compress the molten 
resin in the gate area and to force the resin in the runner section back into the 
nozzle and, eventually, to close the gate (compare D1, column 3, line 60 until col. 
4, line 6 and e.g. figures 1 and 2). 

2. The claimed invention differs from the known method, in that the resin material is 
introduced into the cavity via a resin reservoir between the gate and the cavity and 
in that a cut punch is provided which is inserted into the resin reservoir in the 
direction of the gate, after completion of filling the cavity, to force the resin 
material in reservoir as far as still molten back into the gate and in doing so, to 
close the passage between the reservoir and the cavity and to cut the resin in the 
reservoir, as far as solidified, from the resin moulded product. 

These features are neither known from the other cited documents nor is therein 
hinted at. 



Therefore, the subject matter of claim 1 must be considered to involve an 
inventive step. 

2. The same argument holds for the independent apparatus claim 6. 

3. Dependent claims 2-5 and 7-12 define further embodiments of the invention and 
involve, therefore, an inventive step too. 
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Re Item VII 

Certain defects in the international application 

1. Contrary to the requirements of Rule 5.1(a)(ii) PCT, the relevant background art 
disclosed in the documents D1 is not mentioned in the description, nor is this 
document identified therein. 

2. The features of the claims are not provided with reference signs placed in 
parentheses (Rule 6.2(b) PCT). 
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